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FIG. 17
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ORGANIC EL PANEL AND
MANUFACTURING METHOD THEREOFK

TECHNICAL FIELD

The present invention relates to an organic EL panel and a
manufacturing method thereof, and 1n particular to a technol-
ogy for forming an excellent organic light-emitting layer via
the wet process.

BACKGROUND ART

In recent years, progress 1s being made in research and
development of diverse functional elements which involve
the use of an organic semiconductor.

Organic EL elements are known as being one of the most
common among such functional elements. An organic EL
clement 1s a current-driven light-emitting element, and com-
monly mncludes a pair of electrodes consisting of an anode and
a cathode, and a functional layer containing organic material
disposed between the pair of electrodes. The functional layer
includes layers such as an organic light-emitting layer and a
butffer layer. Further, there are cases where a hole-1njection
layer 1s disposed between the functional layer and the anode.
The hole-1njection layer 1s disposed for injecting holes to the
tfunctional layer. When driving the organic EL element, volt-
age 1s applied between the pair of electrodes. The emission of
light from the organic EL element i1s caused by an electric-
field light-emitting phenomenon taking place as a result of the
recombination of holes which are injected from the anode to
the functional layer, and the electrons which are injected from
the cathode to the functional layer. Now, more attention 1s
being given to the application of organic EL elements as a
light-emitting element or a light source for various display
devices. This owes to the advantageous characteristics of the
organic EL element, which include: high visibility resulting
from self-luminescence; and excellent shock resistance
resulting from the fully solid-state structure thereof.

Organic EL elements can be largely divided into two types,
according to the material used for forming the functional
layer therein. The first type of organic EL elements 1s a vapor
deposition type. A vapor deposition-type organic EL element
has a functional layer that 1s mainly composed of organic low
molecular material and that 1s formed as a film by applying a
vacuum process such as a vapor deposition method. The
second type of organic EL elements 1s an application type. An
application-type organic EL element has a functional layer
that 1s mainly composed of 1nk including either organic high
molecular material, or organic high molecular material hav-
ing an excellent thin film forming property, and that 1s formed
as a film by applying a wet process 1n which the ink 1s applied
and dried, such as an inkjet method and a gravure printing
method.

Nowadays attempts are being made to realize the manu-
facturing of larger organic EL panels by using application-
type organic EL elements. As already described in the above,
a Tunctional layer 1s formed by applying ink including spe-
cific material via a wet process 1n an application-type organic
EL element. In the application of the wet process, the preci-
sion with which the application of functional layer material of
the respective colors to corresponding positions on the sub-
strate 1s performed 1s not influenced by the size of the sub-
strate. Hence, the technical barrier to be overcome inrealizing
the manufacturing of larger organic EL panels 1s relatively
low.
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SUMMARY OF INVENTION

Technical Problem

The organic EL panel includes banks partitioning a plural-
ity of organic EL elements either individually or into groups.
The banks are made from an 1nsulating material. The banks
are formed by uniformly forming an msulating material layer
on the surface of the substrate and removing unnecessary part
by etching. At this time, bank residues remaining 1n a light-
emitting region 1s problematic since the residues might cause
degradation of luminous efficiency and shorten life of the
organic EL panel.

For example, when the bank forming process 1s performed
after forming the hole-injection layer, the bank residues
remain on the surface of the hole-injection layer 1n the light-
emitting region. The bank residues are msulative, and acts as
a parasitic capacitance film (capacitor) at an interface
between the first electrode (anode) and the hole-imjection
layer. FIG. 4 1s a schematic cross-sectional view showing
such bank residues (denoted by BNK residues). In FIG. 4, a
parasitic capacitance film 1s formed by the residues adhering,
to the surface of the hole-injection layer (HIL).

The parasitic capacitance film causes electrons that should
cause carrier recombination near an interface between the
organic light-emitting layer and other functional layers (IL) to
infiltrate the IL, and this increases electron current density of
the IL. This might degrade the IL and decrease life of the
whole organic EL panel.

Further, since carrier recombination does not occur
adequately, luminous eificiency decreases, and other prob-
lems such as increase of driving voltage also occur.

One method of removing bank residues i1s forming the
banks after forming a peeling layer on the substrate, and
removing the peeling layer to remove the bank residues.
However, this method adds a new process to the processes of
manufacturing the organic EL panel and might lower the
yield. Also, the method might increase production costs.

Further, although another method that has been proposed
involves resolving and removing the bank residues by expos-
ing the bank surface to an energy ray such as ultraviolet rays
(UV), when the bank surface 1s simply exposed to an energy
ray, liquid repellency of the bank surface 1s lost. In such cases,
it becomes difficult to adequately dispose 1nk 1n the organic
light-emitting layer, for example.

Such a problem might similarly occur when the bank resi-
dues attach to the surface of the hole-injection layer or any
other layer, and needs to be solved.

The present mvention has been achieved 1 view of the
above problems, and an aim thereof 1s to provide an organic
EL panel that prevents the problems resulting from the unnec-
essary bank residues at a relatively low cost and has excellent
light-emitting characteristics and long life, and manufactur-
ing method of such as organic EL panel.
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Solution to Problem

In order to solve the above problem, one aspect of the
present invention provides an organic EL panel comprising: a
substrate; a plurality of first electrodes disposed above the
substrate along a first direction and a second direction, the
first direction and the second direction intersecting each
other; organic light-emitting layers each disposed above one
of the first electrodes and including organic light-emitting
material; banks partitioming the organic light-emitting layers
either individually or 1mto groups; and a second electrode
disposed over the organic light-emitting layers, wherein a
plurality of bank residues remain between the first electrodes
and the organic light-emitting layers, and a diameter of each
bank residue 1n one direction in plan view of a surface of the
substrate 1s not greater than 0.2 um.

Advantageous Effects of Invention

Intensive studies by the present inventors have revealed
that even when the bank residues are not completely removed,
if the diameter or area of each bank residue 1s reduced to a
certain diameter or area, the organic ELL panel has the same
capability as when the bank residues are completely removed.
The organic EL panel, which 1s one aspect of the present
ivention, 1s created according to this new knowledge, and
secures that the diameter of each bank residue 1n one direction
1s not greater than 0.2 um when the surface of the substrate 1s
seen 1n plan view.

According to this structure, even 11 the bank residues posi-
tioned above the first electrode act as a parasitic capacitance
f1lm when driven, the amount of electrons stored in the para-
sitic capacitance film can be effectively reduced. Therefore,
the luminous efficiency can be maintained. Further, electron
current density of a layer that faces bank residues and 1is
positioned above the first electrode (e.g., hole injection trans-
porting layer, bufler layer) can be reduced so as to prevent the
deterioration of such layer.

As a result of this, 1t 1s possible to provide excellent light-
emitting characteristics and a long life of the organic EL
panel.

As described above, the organic EL panel, which 1s one
aspect of the present invention, can be realized at a relatively
low cost since the bank residues are not required to be com-
pletely removed and are merely reduced to a certain value in
area, and accordingly has excellent viability. Further, the
bank surface 1s not required to be 1rradiated with a strong
energy ray for a long time so as to completely remove the
bank residues, and accordingly liquid repellency of the bank
surface 1s not lost.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic cross-sectional view showing the
structure around an organic EL element 100R 1n an organic
EL panel 1 pertaining to Embodiment 1.

FI1G. 2 1s a front view of part of the organic EL panel 1.

FIGS. 3A and 3B are each a schematic view showing bank
residues when the organic EL panel 1 1s seen 1n plan view.

FIG. 4 1s a view for explaining the eflect given by bank
residues to flow of carriers.

FIGS. SA-5C are each a cross-sectional view of a manu-
facturing process of an organic EL panel.

FIGS. 6 A-6B are each a cross-sectional view of a manu-
facturing process of an organic EL panel.

FIGS. 7TA-7C are each a cross-sectional view of a manu-
facturing process of an organic EL panel.
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FIGS. 8A-8D are each a cross-sectional view of a manu-
facturing process of an organic EL panel.

FIGS. 9A-9C are each a cross-sectional view of a manu-
facturing process of an organic EL panel.

FIG. 10 1s a schematic cross-sectional view showing the
structure around an organic EL element 101R 1n an organic
EL panel 1A pertaining to Embodiment 2.

FIG. 11 1s a front view of the schematic structure of an
organic EL panel 1B pertaining to Embodiment 3.

FIG. 12 shows the result of a one-dimensional measure-
ment showing a distribution of electron current density of an
organic EL element (R).

FIG. 13 shows the result of a one-dimensional measure-
ment showing a distribution of electron current density of an
organic EL element (G).

FIG. 14 shows the result of a one-dimensional measure-
ment showing a distribution of electron current density of an
organic EL element (B).

FIG. 15 shows a graph of the relationship between the
width of a bank residue and electron current density in an area
of the residue.

FIG. 16 shows a graph of the relationship between the
width of a bank residue and electron current density in an area
of the residue when electron mobility of IL 1s varied.

FIG. 17 shows a graph of the relationship between the
width of a bank residue and electron current density 1n an area
of the residue when electron mobility of EML 1s varied.

FIG. 18 shows a graph of the relationship between the
width of a bank residue and electron current density 1n an area
of the residue when hole mobility of IL 1s varied.

FIG. 19 shows a graph of the relationship between the
width of a bank residue and electron current density 1n an area
of the residue when hole mobility of EML 1s varied.

FIG. 20 shows a graph of the relationship between the
width of a bank residue and electron current density in an area
of the residue when the difference in LUMO energy between
IL. and EML 1s varied.

FIG. 21 shows a graph of the relationship between the
width of a bank residue and electron current density 1n an area
of the residue when the difference in HOMO energy between
IL. and EML 1s varied.

FIG. 22 shows a graph of the relationship between the

width of a bank residue and electron current density 1n an area
of the residue when the thickness of the bank residues is
varied.

FIG. 23 shows a distribution of electron current density of
cach layer of an organic EL element (R).

FIG. 24 shows a distribution of electron current density of
cach layer of an organic EL element (G).

FIG. 25 shows a distribution of electron current density of
cach layer of an organic EL element (B).

DESCRIPTION OF EMBODIMENTS

<QOutline of an Aspect of the Present Invention>

An organic EL panel according to an aspect of the present
invention comprises: a substrate; a plurality of first electrodes
disposed above the substrate along a first direction and a
second direction, the first direction and the second direction
intersecting each other; organic light-emitting layers each
disposed above one of the first electrodes and including
organic light-emitting material; banks partitioning the
organic light-emitting layers either individually or into
groups; and a second electrode disposed over the organic
light-emitting layers, wherein a plurality of bank residues
remain between the first electrodes and the organic light-




US 9,159,771 B2

S

emitting layers, and a diameter of each bank residue 1n one
direction 1n plan view of a surface of the substrate 1s not
greater than 0.2 um.

Here, as another aspect of the present invention, an area
occupied by each bank residue in plan view of the surface of
the substrate may be not greater than 0.4 pm”>.

In this case, as another aspect of the present invention, the
area occupied by each bank residue may be not greater than
0.04 um=.

Also, an organic EL panel according to another aspect of
the present invention comprises a hole-injection layer,
wherein the hole-injection layer may be disposed between the
first electrodes and the organic light-emitting layers, and the
bank residues may exist on a surtace of the hole-injection
layer.

Also, as another aspect of the present invention, the bank
residues may exist on a surface of each first electrode.

Also, an organic EL panel according to another aspect of
the present invention comprises a hole-injection layer,
wherein the hole-injection layer may be disposed between the
first electrodes and the organic light-emitting layers, and the
hole-injection layer may cover the bank residues.

Also, an organic EL panel according to another aspect of
the present invention comprises a buifer layer, wherein the
butfer layer may be disposed between the first electrodes and
the organic light-emitting layers, and the bufler layer may
cover the bank residues.

Also, as another aspect of the present invention, the organic
light-emitting layers may include adjacent first, second and
third organic light-emitting layers, and groups of the first,
second and third organic light-emitting layers may be repeat-
edly disposed 1n the second direction above the first elec-
trodes, the first, second and third organic light-emitting layers
being different from one another in luminescent color, and the
diameter of each bank residue existing below one of the first,
second and third organic light-emitting layers that has a high-
est electron mobility may be smallest.

Also, as another aspect of the present invention, the one
organic light-emitting layer that has the highest electron
mobility may have a blue luminescent color.

Also, a manufacturing method of an organic EL panel
according to an aspect of the present invention comprises the
steps of: preparing a substrate; forming a plurality of first
clectrodes above the substrate along a first direction and a
second direction, the first direction and the second direction
intersecting each other; forming banks above the first elec-
trodes; forming organic light-emitting layers each disposed
above one of the first electrodes and including organic light-
emitting material; and forming a second electrode over the
organic light-emitting layers, the second electrode being dii-
terent from the first electrode in polarity, and the manufac-
turing method further comprises the step of treating bank
residues, after forming the banks and before forming the
organic light-emitting layers, by irradiating bank residues
existing above the first electrodes with ultra violet to reduce a
diameter of each bank residue in one direction to not greater
than 0.2 um.

Here, as another aspect of the present invention, in the
treatment of the bank residues, an area occupied by each bank
residue 1n plan view of a surface of the substrate may be
reduced to not greater than 0.4 um?®.

Here, as another aspect of the present invention, in the
treatment of the bank residues, an area occupied by each bank
residue 1 plan view of the surface of the substrate may be
reduced to not greater than 0.04 um-.

In the following, description 1s provided on an organic EL
clement pertaining to each embodiment of the present mnven-

5

10

15

20

25

30

35

40

45

50

55

60

65

6

tion. Subsequently, results and analysis will be presented of
experiments having been performed to assess the efficiency of
the present invention.

Note that each figure 1s 1llustrated on a reduced scale dii-
ferent from the proportion of the actual sizes.
<Embodiment 1>
(Structure of Organic EL Flement)

FIG. 1 1s a schematic cross-sectional view showing the
structure around an organic EL element 100R whose lumi-
nescent color 1s red 1 an organic EL panel 1 pertaining to
Embodiment 1.

The organic EL element 100R includes: a hole-injection
layer 4A; various functional layers (a butfer layer 6 A and a
light-emitting layer 6B, 1n this case); and a pair of electrodes
composed of an anode 2 (first electrode) and a cathode 8
(second electrode). The hole-1njection layer 4 A and the func-
tional layers are disposed one on top of the other, and are
disposed between the pair of electrodes. Fach of the func-

tional layers contains functional material having a predeter-
mined function. It should be noted that, although not 1llus-
trated in FIG. 1, in the organic EL panel 1, an organic EL
clement 100G whose luminescent color 1s green and an
organic EL element 100B whose luminescent color 1s blue
have the same layer structure as the organic EL element 100R,
and the organic EL element 100R, the organic EL. element
100G and the organic EL element 100B are partitioned by the
banks 5 and a set of these elements 100R, 100G and 100B 1s
repeatedly arranged 1n this order 1n an X direction.

Each of the organic EL elements 100R, 100G and 100B
includes, as shown in FIG. 1 showing the structure of the
organic EL element 100R, the anode 2, a transparent conduc-
tive film 3, the hole-1njection layer 4, the butler layer 6 A, an
organic light-emitting layer 6B, and the cathode 8 (composed
of a bartum layer 8A and an aluminum layer 8B), which are
disposed in the stated order on one main surface (upper sur-
face, 1n this case) of a substrate 10. The anode 2 and the
cathode 8 are connected to an unillustrated voltage source DC

to supply power to the organic EL elements 100R, 100G and
100B from the outside.

(Substrate 10)

The substrate 10 1s the base material for the organic EL
panel 1 and the organic EL element 100 and may be formed
with an insulating material such as alkali-free glass, soda
glass, nonfluorescent glass, phosphate glass, borate glass,
quartz, acrylic resin, styrenic resin, polycarbonate resin,
epoxy resin, polyethylene, polyester, silicone resin, and alu-
mina.

While not shown 1n the figures, TFT's (thin film transistors)
are provided on the upper surface of the substrate 10 for
driving the organic EL element 100.

(Anode 2)

The anode 2 1s made of metal material (aluminum or alu-
minum alloy) with an excellent degree of reflection of visible
light as a reflective metal film so as to supply power to the
light-emitting layer, and etficiently emit light generated from
the light-emitting layer 1in the upward direction. The *“alumi-
num alloy” mentioned here 1s an alloy formed by adding, to
aluminum, at least one of iron, copper, manganese, zinc,
nickel, magnesium, palladium, cobalt and neodymium.
(Transparent Conductive Film 3)

The transparent conductive film 3 1s made of a known
transparent conductive material, such as ITO and 1Z0. The
transparent conductive film 3 1s disposed to cover the anode 2
to isulate oxygen, etc., in the atmosphere, and prevent reflec-
tivity and conductivity of the anode 2 from lowering due to
the formation of an unnecessary film.
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Note that, 1n the organic EL elements 100R, 100G and
100B, when the anode 2 1s made of a thin silver film, for
example, the transparent conductive film 3 1s formed so as to
obtain excellent connectivity among layers. When the anode
2 1s made of aluminum material, the connectivity among
layers 1s excellent. Therefore, the transparent conductive film
3 may be omitted in this case.

(Hole-Injection Layer 4A)

The hole-mnjection layer 4 A 1s a layer that efficiently trans-
ters holes to the organic light-emitting layer 6B. The hole-
injection layer 4A 1s formed of metal oxide such as molyb-
denum oxide, molybdenum tungsten oxide, etc., but 1s not
limited to this.

(Banks 5)

The banks 5 are, for example, composed of an insulative
organic material (such as acrylic resin, polyimide resin,
novolac-type phenolic resin, and the like), and at least the
surface thereol has liquid repellency. In the panel 100, 1n
order to adopt a line bank structure as the shape of the banks
5, the banks are disposed to have a trapezoidal cross-section
in the width (X) direction and linearly extend ina’Y direction
(in a direction perpendicular to the sheet of FIG. 1). A plural-
ity of banks 5 are arranged 1n parallel at a specific pitch in the
width (X) direction 1n the panel 100.

During the bank forming process at the time of manufac-
turing, patterning 1s applied to form the banks 5 through a
predetermined process. Part of material used 1n this process
remains on the surface of the hole-injection layer 4A to be
bank residues 11A. In FIG. 1, the bank residues 11A are
shown larger than their actual size for the sake of explanation.
(Buffer Layer 6 A)

The buffer layer 6A 1s a 20 nm-thick layer formed of TFB
(poly(9,9-di-n-octylfluorene-alt-(1,4-phenylene-((4-sec-bu-
tylphenyl imino)-1, 4-phenylene)) that 1s an amine-contain-
ing organic polymer. In Embodiment 1, the bulfer layer is
shown as an example of an IL layer.

The butler layer 6 A may be omitted, and the organic light-
emitting layer 6B may be directly layered on the hole-injec-
tion layer 4A.

In some cases, the bufler layer serves as an electron block
layer that prevents the intrusion of electrons into the hole-
injection layer.

(Organic Light-Emitting Layer 6B)

The organic light-emitting layer 6B 1s formed by organic
light-emitting material that corresponds with any of lumines-
cent colors of red (R), green (G) and blue (B). The organic
light-emitting layer 6B has the thickness of approximately 70
nm. The organic light-emitting material 1s FEBT (poly(9,9-
di-n-octyltluorene-alt-benzothiadiazole)), which 1s an
organic polymer, but not limited to this. For example, the
organic light-emitting material 1s a fluorescent material such
as an oxinoid compound, perylene compound, coumarin
compound, azacoumarin compound, oxazole compound,
oxadiazole compound, perinone compound, pyrrolo-pyrrole
compound, naphthalene compound, anthracene compound,
fluorene compound, fluoranthene compound, tetracene com-
pound, pyrene compound, coronene compound, quinolone
compound and azaquinolone compound, pyrazoline deriva-
tive and pyrazolone derivative, rhodamine compound, chry-
sene compound, phenanthrene compound, cyclopentadiene
compound, stilbene compound, diphenylquinone compound,
styryl compound, butadiene compound, dicyanomethylene
pyran compound, dicyanomethylene thiopyran compound,
fluorescein compound, pyrylium compound, thiapyrilium
compound, selenapyrylium compound, tellurapyrylium com-
pound, aromatic aldadiene compound, oligophenylene com-
pound, thioxanthene compound, anthracene compound, cya-
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nine compound, acridine compound, metal complex of a
8-hydroxyquinoline compound, metal complex of a 2-bipy-
ridine compound, complex of a Schifl base and a group three
metal, metal complex of oxine, rare earth metal complex, etc.,
as recited 1in Japanese Patent Application Publication No.
H5-163488.

(Electron Transport Layer 7)

The electron transport layer 7 has the function of efficiently
transporting, to the light-emitting layer 5, electrons mjected
from the cathode 8. The electron transport layer 7 1s an
organic compound layer, for example, and formed of two
different organic substances (first organic substance as an
clectron transport material (host), and second organic sub-
stance as an n-type dopant).

(Cathode 8)

The cathode 8 1s formed of indium tin oxide (ITO), indium
zinc oxide (IZ0), for example. Since the panel 100 15 a top
emission type organic EL panel, the cathode 8 1s required to
be formed of a transparent material.

Note that an electron transport layer may be disposed
between the organic light-emitting layer 6B and the cathode
8.

(Passivation Layer 9)

A passivation layer 9 1s formed of a material such as silicon
nitride (S1N) and silicon oxynitride (S10N), and used 1n order
to suppress the light-emitting layer 6 from deteriorating in
reaction to moisture and air. When the organic EL element 1s
a top-emission type organic EL element, the passivation layer
9 15 preferred to be formed of a transparent material.

The organic EL elements 100R, 100G and 100B with the
above structure are, as shown in FIG. 2 showing a front view
of part of the organic EL panel 1, partitioned by the banks 5
with the line bank structure whose longitudinal direction 1s
the Y direction, and repeatedly formed 1n the X direction. In
the organic EL panel 1, each organic EL element 100R, 100G
or 100B functions as a sub-pixel, and three adjacent organic
EL elements in one-to-one correspondence with colors of
RGB, 1.e., three organic EL elements 100R, 100G and 100B
constitute a pixel as a whole. This realizes full-color display.
(Effects and Advantages Produced by Organic ELL Panel 1)

FIG. 3A 1s a schematic view showing the surface of the
hole-injection layer 4A seen 1n plan view. Generally, 1n an
organic EL panel, one or more bank residues produced when
patterning 1s applied to form the banks 5 remain on the surface
of an exposed layer of the organic EL element. In FIG. 3A, a
bank residue 11A remains in the form of a net on the surface
of hole-injection layer 4A. Alternatively, in some cases, one

or more bank residues 11 A have an 1solated or discontinuous
distribution, as shown 1n FIG. 3B.

As shown 1n FIG. 4, the bank residues 11A located at an
interface between the transparent conductive film 3 and the
hole-injection layer 4A act as a so-called parasitic capaci-
tance film (capacitor) when the panel 1s driven. That 1s, 1n the
organic EL elements 100R, 100G and 100B, the bank resi-
dues 11A 1increase the electric field of IL (butfer layer 6A, 1n
this case) disposed directly above the hole-injection layer 4 A,
and as aresult, electrons in the organic light-emitting layer 6B
are pulled to the buffer layer 6 A. Since the buffer layer 6 A
lacks holes when driven, electrons are stored in the buffer
layer 6 A.

As aresult of this, the electron current density 1n the buifer
layer 6A abnormally increases, and this abnormal electron
current density reduces luminous efficiency of each of the
organic ELL elements 100R, 100G and 100B, and shortens
their lives.

In contrast, in the organic EL panel 1, the s1ze of each of'the
bank residues 11A 1s controlled to be not greater than a




US 9,159,771 B2

9

predetermined value when the substrate 10 1s looked down
(seen 1n plan view) so as to prevent a problem resulting from
the bank residues 11A.

After repeated and careful examination, the inventors
arrived at the bank residues 11 A having the following char-
acteristics.

(1) When the substrate 10 1s looked down (seen 1n plan
view), each of the bank residues 11A has a diameter not
greater than 0.2 um 1n one direction thereot (in FIG. 3B, D,
D,, D,, etc.). Note that when a bank residue 11A 1s relatively
continuous, as shown in FIG. 3A, the shortest distance from
any position on the bank residues 11 A to the periphery thereof
(in FIG. 3A, width of W,, W,, W, or W, for example) 1s set
to be not greater than 0.2 um.

(1) In addition to (1), when the substrate 10 1s looked down
(seen 1n plan view), the area of each bank residue 11A 1s not
greater than 0.4 um~. More preferably, the area is not greater
than 0.04 mm~.

As aresult of this, even when the bank residues 11 A act as
a parasitic capacitance film when the panel 1s driven, the
negative itluence caused by the parasitic capacitance film 1s
mimmized, and it 1s possible to drive the organic EL panel 1
having the luminous efliciency that is substantially equivalent
to the case 1n which the bank residues do not exist.

Further, 1t 1s possible to suppress increase in the electron
current density in the buffer layer 6 A that covers the bank
residues 11A. Accordingly deterioration of the buifer layer
6A due to excess electrons 1s prevented, and a long life for
cach of the organic EL elements 100R, 100G and 100B 1s
promoted.

As a result, the whole organic EL panel 1 1s provided with
excellent light-emitting characteristics and a long life.

As described above, the organic EL panel 1 of Embodiment
1 can be realized at a relatively low cost by appropnately
controlling the area of the bank residues without completely
removing the bank residues unlike a conventional configura-
tion. Therefore, the organic EL panel 1 has the high feasibil-
ity.

Further, although UV irradiation 1s performed to control
the size of the bank residues 11 A, 1t 1s unnecessary to project
the strong energy ray for a long time so as to completely
remove the bank residues. Thus, liguid repellency of the
surface of the banks 5 1s not lost.

During a manufacturing process of organic EL panels, the
bank forming process is performed at different timings. The
uppermost surface of the substrate immediately before the
bank forming process 1s any of an anode, a transparent con-
ductive film, a hole-imjection layer, a bulfer layer, etc. After
the bank forming process 1s performed, bank residues remain
on the uppermost surface. When at least a layer layered on the
bank residues has a higher hole mobility than that of the
organic light-emitting layer, the same effect as that of
Embodiment 1 1s expected.

In particular, 1in the case of layering the hole transport layer
on the bank residues, the hole transport layer 1s likely to be
deteriorated when the electron current density of the hole
transport layer increases. Hence, by controlling the size of the
bank residues based on the present invention, increase 1n the
clectron current density in the hole transport layer can be
suppressed, and a long life of the organic EL panel and an
increase in the luminous efliciency can be expected.

Further, during investigation, the present imventors have
revealed that the electron current density (electron-storage
capacity) of a layer layered on the bank residues increases 1n
proportion to an electron mobility of the organic light-emait-
ting layer. The organic light-emitting layer whose lumines-
cent color 1s blue has higher electron mobaility than organic

10

15

20

25

30

35

40

45

50

55

60

65

10

light-emitting layers with different luminescent colors.
Therefore, when the hole-injection layer 1s layered on the
bank residues in the blue organic EL element, the electron-

storage capacity in the hole-injection layer 1s particularly
high.

By applying Embodiment 1, problem resulting from the
bank residues can be effectively reduced even from the blue
organic EL element. Let the diameter 1n one direction 1n each
of the bank residues 11A be not greater than 0.2 um. In this
case, the electron current density of the hole-injection layer
layered on the bank residues 11A 1s substantially equivalent
to that of the case where the bank residues 11 A do not exist.
Therefore, deterioration of the hole-injection layer 1s effec-
tively prevented.

Further, 1n order that the organic EL element whose lumi-
nescent color 1s blue obtains an excellent effect, the area of
cach bank residue 1s preferred to be as small as possible, 1.e.,
not greater than 0.04 um~, in addition to control of the diam-
cter of the bank residues.

<Embodiment 2>

FIG. 10 1s a schematic cross-sectional view showing the
structure around an organic EL element 101R whose lumi-
nescent color 1s red 1 an organic EL panel 2 pertaining to
Embodiment 2.

The structure shown 1n FIG. 10 1s generally the same as the
structure of the organic EL panel 1 except that a hole-injec-
tion layer 4B 1s limited to be disposed on the transparent
conductive film 3. According to this structure, since the banks
5 are formed immediately after the anode 2 and the transpar-
ent conductive film 3 are formed, bank residues 11B remain
on the surface of the transparent conductive film 3 and are
covered by the hole-injection layer 4B. The hole-injection
layer 4B 1s formed, 1n a light-emitting region partitioned by
the banks 35, by a wet process 1n which ink 1s dripped and
dried.

In the organic EL panel 1A with the above structure, UV
irradiation 1s performed under a predetermined condition at
the time of manufacturing so that bank residues have the same
small area and diameter as the bank residues 11A. As a result
of this, the negative influence caused by the bank residues
11B acting as the parasitic capacitance film 1s reduced, and it
1s possible to obtain excellent luminous efficiency and reduce
power consumption.
<Experiments Conducted to Confirm Performance and
Observations>

The following sequentially describes methods, results and
observations of experiments conducted to confirm perfor-
mance of the present invention.

(Electron Current Density 1n IL)

Here, distribution of the electron current density in IL that
covers the bank residues was considered.

FIGS. 12, 13 and 14 show graphs showing the results of
one-dimensional measurements of sample elements prepared
as a red organic EL element, a green organic EL element, and
a blue organic EL element, respectively. Each graph shows
clectron current densities 1n an area of a residue and 1n a
region not including residues on the surface of the IL layer.
The sample elements have a bipolar device (BPD) structure.

In each figure, each curve of the sample elements al-el,
a2-12 and a3-13 shows changes in the electron current density
when each element 1s driven at 10 V in the case where the
width of a bank residue and the width of an opening (width of
a region not mcluding residues) are set based on the condi-
tions of the following Tables 1-3.

In the following, “width of residue” of the banks 1ndicates
“the largest diameter of an area of residue”.
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TABL.

(L]

1

Red organic El element

Width of Width of
Sample Residue (um) Opening (um)
al 0.1 0.1
bl 0.2 0.2
cl 0.75 0.75
dl 0.3 0.3
el 0.5 0.5
TABLE 2
(sreen organic El. element
Width of Width of
Sample Residue (um) Opening (pm)
a2 0.1 0.9
b2 0.2 0.8
c2 0.3 0.7
d2 0.4 0.6
e2 0.5 0.5
2 0.6 0.4
g2 0.7 0.3
h2 0.8 0.2
12 0.9 0.1
TABLE 3
Blue organic EL element
Width of Width of
Sample Residue (um) Opening (um)
a3 0.1 0.9
b3 0.2 0.8
c3 0.3 0.7
d3 0.4 0.6
e3 0.5 0.5
{3 0.6 0.4
g3 0.7 0.3
h3 0.8 0.2
13 0.9 0.1

Each graph shown 1n FIGS. 12-14 exhibits that the electron
current density 1n an area of a bank residue becomes higher as
the width of the bank residue increases. However, the electron
current density 1n an area of a residue whose width 1s not
greater than approximately 0.2 um 1s almost the same as the
clectron current density 1n a region not including residues.

In contrast, changing the width of an opening did not have
a significant effect on the electron current density compared
to the case of changing the width of residues.

Next, a graph of the relationship between the electron
current density and the width of the bank residues was pre-
pared based onthe data of FIGS. 12-14, and shown in FI1G. 15.
In FIG. 15, electron current density 1s on the vertical axis and
the width of residues 1s on the horizontal axis.

The result shown 1n FIG. 15 exhibits that 1n the case of a
blue or red element, the electron current density dramatically
increases when the width of residues 1s approximately 0.1 um
or greater. In the case of a green element, the electron current
density increases when the width of residues 1s approximately
0.3 um or greater.

Accordingly, it 1s clear that if the width of residues 1n
organic EL elements of RGB 1s uniformed to not greater than
0.2 um, preferably not greater than 0.1 um, the organic EL
panel can prevent the increase in the electron current density
due to bank residues 1n IL.
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(Effect of Change 1n Width of Residues on E
rent Density)

Next, change in the electron current density depending on
an electron mobility 1n IL was simulated. FIG. 16 shows the
result of the simulation. As sample elements, a standard ele-
ment (std), an element whose electron mobility 1s V1o of that
of the standard element (emob0.1), and an element whose
clectron mobility 1s 10 times that of the standard element
(emob10) were analyzed.

It 1s clear from FIG. 16 that although the electron mobility
of each element increases as the width of residues increases,
the electron mobility hardly changes when the width of resi-
dues 1s not greater than 0.2 um.

Next, change 1n the electron current density depending on
an electron mobility in EML was simulated in the similar
manner to F1G. 16. F1G. 17 shows the result of the simulation.

It 1s percerved that although the electron mobility of each
clement increases as the width of residues increases, change
in the electron mobility 1s small when the width of residues 1s
not greater than 0.2 um, and change 1n the electron mobility 1s
very small when the width of residues 1s not greater than 0.1
L.

Next, change 1n the electron current density depending on
a hole mobility 1n IL was simulated 1n the similar manner to
FIG.16. FI1G. 18 shows the result of the simulation. As sample
clements, a standard element (std), an element whose hole
mobility 1s V10 of that of the standard element (hmob0.1), and
an element whose hole mobility 1s 10 times that of the stan-
dard element (hmobl0) were prepared.

Although the hole mobility of each element increases as
the width of residues increases, increase 1n the hole mobility
of the element whose hole mobility 1s 10 times that of the
standard element (hmobl0) 1s small. It 1s percerved that
change 1n the hole mobility of each element 1s small when the
width of residues 1s not greater than 0.2 um, and change 1n the
hole mobility of each element is very small when the width of
residues 1s not greater than 0.05 um.

Next, change in the electron current density depending on
a hole mobility in EML was simulated 1n the similar manner
to FIG. 18. FIG. 19 shows the result of the simulation.

Although the hole mobility of each element increases as
the width of residues 1ncreases, increase 1n the hole mobility
of the element whose hole mobility 1s 10 times that of the
standard element (hmobl 0) 1s small 1n a similar manner to the
result of FIG. 18. It 1s percerved that change 1n the electron
mobility 1s small when the width of residues 1s not greater
than 0.2 um, and change 1n the hole mobaility 1s very small
when the width of residues 1s not greater than 0.05 pum.

Next, change 1n the electron current density 1n IL when the
difference 1n lowest unoccupied molecular orbital (LUMO)
energy between IL and EML 1s varied was simulated. FI1G. 20
shows the result of the simulation.

It was discovered from the result shown in FIG. 20 that
change 1n the electron current density according to the width
of residues 1s smaller as the difference in LUMO energy
decreases. According to the samples shown 1n FIG. 20, 1t 1s
considered that the width of residues reduced to not greater
than 0.05 um achieves the most reduction of the electron
current density.

Next, change 1n the electron current density 1n IL when the
difference 1n highest occupied molecular orbital (HOMO)
energy between IL and EML 1s varied was simulated. FI1G. 21
shows the result of the simulation.

According to the result shown in FIG. 21, the width of
residues reduced to not greater than 0.1 um most effectively
suppresses a change 1n the electron current density. It can be
said that as the difference n HOMO energy increases,

Electron Cur-
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increase 1n the electron current density 1n accordance with
increase in the width of the residues 1s smaller.

Next, change 1n the electron current density in IL when the
thickness of bank residues 1s varied was simulated. FIG. 22
shows the result of the simulation.

Based on the result shown in FIG. 22, 1t can be said that the
thickness of the residues did not have a significant effect on
the electron current density in IL compared to the width of the
residues. According to the results of the analyses, each
sample can suppress change 1n the electron current density
when the width of residues 1s not greater than approximately
0.2 um.

(Distribution of Electron Current Density in Organic EL
ment)

FIG. 23 shows a distribution of electron current density of
a red organic EL element formed by sequentially layering the
IL layer, the organic light-emitting layer, and the electron
transport layer between the anode and cathode. In FI1G. 23, the
clectron transport layer (ETL), the organic light-emitting
layer (EML) and the butifer layer (IL) are sequentially layered
for the sake of convenience. The bank residues are 1 nm 1n
thickness, and exist 1n the IL layer along the horizontal axis.
The border of an area of a residue and a region not including
residues 1s positioned near the center of the FIG. 23.

FIGS. 24 and 235 show electron current densities of a green
organic EL element and a blue organic EL element, respec-
tively, 1n the same manner as FIG. 23.

As shown 1n FIGS. 23 and 25, 1n an area of a residue, the
clectron current density in the IL layer 1s high compared to
other regions, and 1t indicates that the residues acting as the
parasitic capacitance {ilm have an effect on the electron cur-
rent density. In contrast, in a region not including residues, the
clectron current density 1n the IL layer 1s low. It indicates that
carrier recombination adequately occurs in EML, and the
number of electrons infiltrates 1n IL 1s small. Note that 1t was
discovered that 1n a green organic EL element shown 1n FIG.
24, by the nature of it, the electron current density in the IL
layer 1s relatively unchangeable regardless of the presence or
absence of residues.

As described above, the etiect of the present invention by
appropriately controlling the area and the diameter of bank
residues can be actually confirmed via measurement of dis-
tribution of electron current density 1n each layer constituting

the organic EL element.
(Area Controlling Method and Confirmation Method of

Bank Residues)

The size and area of bank residues can be controlled by
adjusting each of 1rradiation conditions (parameters such as
duration, intensity, range, etc. of irradiation) of UV projected
on the bank residues. Regarding intensity and range of UV
irradiation, there 1s a method of projecting UV on the sub-
strate via pattern mask with predetermined openings, 1n addi-
tion to controlling intensity of a UV irradiation device. The
pattern mask may be a mask having dot openings, etc., or a
half-tone mask.

When a pattern mask 1s used, by setting different 1rradia-
tion conditions for irradiation regions 1n one-to-one corre-
spondence with the luminescent colors of RGB, 1t 1s possible
to make the size and area of bank residues different for each
luminescent color, for example. By mimimizing the size and
area of the bank residues 1n the irradiation region of the blue
luminescent color having the highest electron mobaility, and
by setting relatively large the size and area of the bank resi-
dues 1n the 1rradiation regions of other luminescent colors, 1t
1s possible to shorten a time required for processing bank
residues and positively suppress problems due to the bank
residues.

Ele-

10

15

20

25

30

35

40

45

50

55

60

65

14

Next, in order to check the shape, the size and area of the
bank residues, the methods such as SIMS and TEM are used,
for example. In particular, in the case of SIMS, the size and
area of a whole bank residue can be calculated by measuring
a plurality of peripheral points of the bank residue.

Alternatively, another method 1s to acquire the simulation
result data of the above FIGS. 15-22 beforehand, then acquire
measured data by using the actually manufactured organic EL
panel, for example, and subsequently, to compare these data
to determine whether they match or not. Based on the result of
this, 1t 1s possible to set UV irradiation conditions to process
bank residues as intended, or to indirectly confirm UV 1rra-
diation result.
<Manufacturing Method of Organic EL Panel 1>

Subsequently, an example of an overall method of manu-
facturing the organic EL panel 1 1s described with reference to
FIGS. 5A-9C.

First, a thin film of silver i1s formed by sputtering on the
substrate 10. By patterning the thin film using photolithogra-
phy, for example, a plurality of anodes 2 are formed 1n a
matrix on the substrate 10 (FIG. 5A). Note that the thin film 1s
not limited to be formed by sputtering, and other vacuum
processes such as vacuum deposition method may be used.

Next, a thin I'TO film 1s formed by sputtering or the like on
the surface of the substrate 10 including the anodes 2. The
formed thin I'TO film 1s then patterned using the photolithog-
raphy or the like to form the transparent conductive film 3.

Subsequently, a metal oxide film 4X 1s formed by sputter-
ing or the like on the entire surface of the substrate 10 on
which the transparent conductive film 3 1s formed (FIG. 5B).

Subsequently, a bank material layer 5X 1s formed on the
metal oxide film 4X with bank material composed of organic
material (FI1G. 5C). A portion of the bank matenal layer 5X 1s
removed to expose a portion of the thin film 4X.

The bank material layer 5X may be formed, for example,
by performing coating. The bank matenial layer 5X can be
removed by patterning and cleaning with a predetermined
developer (a solution of tetramethylammonium hydroxide
(TMAH) or the like).

While the metal oxide forming the metal oxide film 4X has
good chemical resistance, it has the property of slightly dis-
solving in TMAH solution. Therefore, the TMAH solution
slightly erodes the surface of the metal oxide film 4X, leading
to formation of the hole-injection layer 4 (FIG. 6A). As a
result of this, the hole-injection layer 4A 1s formed.

Next, repellency treatment 1s performed on the surface of
the bank material layer 35X using fluorine plasma, for
example, to form the banks 5.

Note that even aiter the development and cleaning with use
of the developer, the bank residues 11A actually exist on the
surface of the hole-injection layer 4A (see FIGS. 3A, 3B and
6A). At the present time, it 1s thought that the bank residues
11A exist over a large range.

In Embodiment 1, as shown 1n FIG. 6 A, UV i1rradiation 1s
performed on the surface of the hole-injection layer 4 A that 1s
partitioned by the banks 5, via a pattern mask PM having
predetermined openings. The bank residues 11A can be
removed and reduced by controlling intensity and duration of
UV 1rradiation, the size of the openings of the pattern mask
PM, etc. In this manner, the diameter of each bank residue
11A 1n one direction 1s set to be not greater than 0.2 pm when
the substrate 10 1s seen 1n plan view. Further, when the sub-
strate 10 15 seen 1n plan view, the area of each bank residue
11A can be set to be 0.4 um?, or preferably not greater than
0.04 um~.

Subsequently, an i1nk composition containing organic
material 1s dripped, for example using a wet process such as
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the 1nkjet method, 1nto a region partitioned by the banks 5.
The ink 1s then dried, thereby forming the butier layer 6 A. At
this time, the bank residues 11A are covered by the builer
layer 6 A (see FIG. 1).

After that, the organic light-emitting layer 6B is formed by >
using the same wet process as above (FIG. 6B). The wet
process may be a dispenser method, a nozzle-coat method, a
spin coat method, an intaglio printing, a letter press printing,
or the like.

Next, a barium thin film 1s formed on the entire surface of
the substrate including the light-emitting layer 6B with
vacuum deposition, for example. This bartum thin film 1s used
as the electron mjection layer 7 (FIG. 7A).

Subsequently, an I'TO film 1s formed by sputtering or the
like on the surface of the electron injection layer 7. This ITO
film 1s the cathode 8 (FI1G. 7B).

Next, on the surface of the cathode 8, a film of silicon
nitride (SiN), silicon oxynitride (S1ON), etc. material 1s
formed by a thin film process to uniformly form the passiva- »g
tion layer 9 (FIG. 7C),

thus completing the organic EL panel 1.
<BExample of Another Process from Anode Forming Process
to Bank Forming Process>

With reference to FIGS. 8 and 9, the following describes 25
another example of a process from forming anode to forming

bank.

Note that 1n this process, a planarizing {ilm 17 1s formed on
the surface of the substrate 10 as an example of an alternative
structure. However, forming the planarizing film 17 may be
omitted. As a transparent conductive film, an IZO layer 3A 1s
formed.

First, a planarizing layer 17 1s formed on the substrate 10
from an isulating resin material such as polyimide or acrylic,
as shown 1n FIG. 8 A. With the vapor deposition method, the
following three layers are layered sequentially on the pla-
narizing layer 17: an Al alloy thin film 2X, an IZ0O thin film
3X, and a thin film (tungsten oxide film) 4X. ACL (alumi-
num-cobalt-lanthanum) material, for example, 1s used as the 4
Al alloy material.

Next, a resist pattern R 1s formed by photolithography 1n

the regions 1n which the anode 2, the 170 layer 3A, and the
hole-injection layer 4B are to be formed (FIG. 8B).

Next, patterning 1s performed by dry etching (D/E) of the 45
regions of the thin film 4X not covered by the resist pattern R
(FIG. 8C). During this dry etching, only the thin film 4X 1s
selectively etched with either a mixture of fluorinated gas and
N, gas, or a mixture of fluorinated gas and O, gas. The fol-
lowing 1s an example of specific setting conditions for the dry 50
ctching.
| Dry Etching Condition]

Target of treatment: tungsten oxide film

Etching gas: tluorine-containing gas (SF., CF,CHF;)

Mixed gas: O,, N, 55

Mixed gas ratio: CF,:0,=160: 40

Supplied power: Source 500 W, Bias 400 W

Pressure: between 10 mTorr and 50 mTorr

Etching temperature: room temperature

Performing the above dry etching yields the hole-imjection 60
layer 4B. Subsequently, ashing i1s performed with 0, gas to
facilitate removal of the resist pattern R during the following
wet etching (W/E) process.

Via wet etching, the regions of the IZ0 thin film 3X and the
Al alloy thin film 2X not covered by the resist pattern R are 65
patterned (FIG. 8D). Using a mixed solution of containing,
nitric acid, phosphoric acid, acetic acid, and water as the
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etchant, wet etching 1s performed simultaneously on both the
[Z0 thin film 3X and the Al alloy thin film 2X.

The following 1s an example of specific setting conditions
for the wet etching.
|Conditions for Wet Etching]

Target of treatment: 170 thin film and Al alloy thin film

Etchant: mixed aqueous solution of nitric acid, phosphoric
acid, and acetic acid

Blend ratio of solvent: not specified (mixing 1s possible
under typical conditions)

Etching temperature: lower than room temperature

Note that to perform the wet etching well, 1t 1s desirable that
the IZ0 thin film, which 1s the uppermost layer, be a thickness
of 20 nm or less. This 1s because the amount of side etching
grows large 11 the thickness exceeds 20 nm.

The anode 2 and the IZ0 layer 3A are formed through the
above processes. Subsequently, the resist pattern R 1s
removed through a resist removing step, yielding a patterned
triple layer structure composed of the anode 2, the IZ0 layer
3A, and the hole-injection layer 4B (FIG. 9A). During this
process, the hole-injection layer 4B 1s formed 1n locations
corresponding to the anode 2 and the 170 layer 3A.

Next, the bank material layer 5X 1s formed on the exposed
surface of the planarizing layer 17 (not shown 1n the figures)
and patterned. At this time, the bank material may be a nega-
tive photosensitive resin material or a positive photosensitive
resin material, which includes acrylic, polyimide, etc. By
exposing and developing the bank material using a pattern
mask according to a negative photosensitive resin material or
a positive photosensitive resin material, the unnecessary part
ol a photosensitive resin film 1s removed.

Next, the photosensitive resin film 1s wrradiated with UV,

The photosensitive resin film 1s melted and hardened by the
UV 1rradiation, thus forming the banks 5 (FIG. 9B).

At this time, as shown 1n FIG. 9B, the bank residues 11 A
remain on the surface of the hole-injection layer 4B. Accord-
ingly, the UV irradiation 1s appropnately performed by using
the pattern mask PM in the same manner as above, so as to
reduce the size and area of the bank residues 11A.

Subsequently, the butler layers 6 A and the light-emitting
layer 6B can be formed with the above-described method, by
adjusting the predetermined ink, dripping the ink succes-
stvely 1into regions partitioned by the banks 5, and drying the
ink (FIG. 9C).
<Manufacturing Method of Organic EL Panel 1A>

In the panel 1A, the anode 2 and the transparent conductive
film 3 are layered sequentially on the surface of the substrate
10 by sputtering, in the same manner as above. After that, the
bank maternial 1s unmiformly applied on the substrate 10, and
patterning 1s applied to form the banks 5.

At the present time, bank residues 11B remain on the
transparent conductive film 3. Accordingly, the UV irradia-
tion 1s performed so as to reduce the size and area of the bank
residues 11B 1n the same manner as above (see FIG. 10).

Subsequently, ik including metal oxide material 1s
applied on the surface of the transparent conductive film 3
between adjacent banks 5, and 1s dried to form the hole-
injection layer 4B.

After that, the buffer layer 6 A, the organic light-emitting
layer 6B, the electron 1injection layer 7, the cathode 8 and the
passivation layer 9 are formed 1n the same manner as the panel
1:

thus completing the organic EL panel 1A.
<Embodiment 3>

FIG. 11 1s a front view of an organic EL panel 1B pertaining,
to Embodiment 3 of the present invention.

When forming the organic EL panel of the present inven-
tion, the banks are not limited to have the line bank structure.

The banks may have the pixel bank structure. FIG. 11 shows
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the structure of the organic EL panel 1B on which a pixel bank
5A having a lattice shape 1s disposed to partition the light-
emitting layers 102R, 102G and 102B in the XY directions.

The organic EL panel 1B with this structure 1s expected to
have almost the same effect as the organic EL panels 1 and

1A.
<Other Considerations>

The method of forming the hole-injection layer via the thin
film process 1s not limited to the reactive sputtering method.
For example, the vapor deposition method, the CVD method,
or the like may be used instead.

The organic ELL panel of the present invention may be
applied to a lighting apparatus, for example, by making each
clement to project a single luminescent color.

The organic EL element of the present invention may have
a hole transport layer as an IL layer between the hole-1njec-
tion layer and the light-emitting layer. The hole transport
layer has the function of transporting holes injected from the
hole-injection layer to the light-emitting layer. The hole trans-
port layer 1s made of hole transporting organic material. The
hole transporting organic material transports generated holes
by using intermolecular charge transier reaction. This 1s also
known as a p-type organic semiconductor.

The material for the hole transport layer may be either a
high molecular material or a low molecular material, and the
hole transport layer may be formed by wet printing, for
example. When forming the light-emitting layer, which 1s the
uppermost layer, 1t 1s desirable for the material for the hole
transport layer to include a cross-linking agent so as not to
mix with the material for the light-emitting layer. Examples
of the matenal for the hole transport layer are a copolymer
that includes a fluorene region and a triarylamine region, and
a triarylamine derivative with a low molecular weight.
Examples of a cross-linking agent may 1nclude dipentaeryth-
ritol hexaacrylate and the like. In this case, it 1s desirable that
the cross-linking agent be formed from poly(3, 4-ethylene-
dioxythiophene) doped with polystyrene sulfonic acid (PE-
DOT: PSS) or a derivative thereotf (a copolymer or the like).

In the case where the bank forming process 1s performed
after forming the hole transport layer, bank residues remain
on the surface of the hole transport layer. Accordingly, in this
case, UV 1rradiation 1s performed in the same manner as
above, and the size and area of the bank residues are appro-
priately controlled. In the above embodiments, although
organic material 1s used as a bank material, inorganic material
may also be used. In this case, the bank material layer 1s
formed, for example, by performing coating, in the same
manner as the case of using organic material. The bank mate-
rial layer can be patterned by forming a resist pattern on the
bank material layer and then performing etching with a pre-
determined etchant (a solution of tetramethylammonium
hydroxide (TMAH) or the like).

[ Industrial Applicability]

The organic EL display panel i the present invention 1s
appropriate as a display element such as a cellular telephone
display, a television, etc., or 1n a variety of light sources.
Regardless of the specific use thereot, the organic EL display
panel can be used as an organic EL display panel driven at a
low voltage while exhibiting a wide range of luminous inten-
sity, from low luminous 1ntensity to high luminous intensity.
The organic EL element of the present invention, for having
such a high level of performance, may be used 1n a wide range
of applications, including those for household use, those for
use 1 public facilities, and those for professional use. More
specifically, such applications include: various display appa-
ratuses; TV apparatuses; displays for portable electronic
devices; 1llumination light sources, and etc.
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REFERENCE SIGNS LIST

1, 1A, 1B organic EL panel
2. first electrode (anode)

5 3 transparent conductive film
4 A thin film type hole-injection layer (HIL)
4B application type hole-injection layer (HIL)
4X metal oxide film
5 bank (line bank structure)
10 5A bank (pixel bank structure)
5X bank material layer
6 A butfer layer (IL)
6B organic light-emitting layer (EML)
7 electron transport layer (ETL)
15 8 second electrode (cathode)
9 passivation layer
10 substrate
11A, 11B bank residue
100R, 100B, 100G, 101R, 102R, 102B, 102G organic EL
20 element
The mnvention claimed 1s:
1. An organic EL panel, comprising:
a substrate;

25 a plurality of first electrodes disposed above the substrate
along a first direction and a second direction, the first
direction and the second direction intersecting each
other;

organic light-emitting layers each disposed above one of

30 the first electrodes and 1including organic light-emitting

material;

banks partitioning the organic light-emitting layers either
individually or into groups; and

a second electrode that 1s configured to follow a cavity

35 between banks, and 1s disposed over the organic light-

emitting layers and over the banks,

wherein a plurality of bank residues remain between the
first electrodes and the organic light-emitting layers, and
a diameter of each bank residue 1n one direction 1n plan

40 view of a surface of the substrate 1s not greater than 0.2

L.

2. The organic EL panel of claim 1,

wherein an area occupied by each bank residue in plan
view of the surface of the substrate 1s not greater than 0.4

45 um-=.

3. The organic EL panel of claim 2,

wherein the area occupied by each bank residue i1s not
greater than 0.04 um~.

4. The organic EL panel of claim 1, further comprising:

50  a hole-imjection layer,

wherein the hole-injection layer 1s disposed between the
first electrodes and the organic light-emitting layers, and

the bank residues exist on a surface of the hole-injection
layer.

55 5. The organic EL panel of claim 1,

wherein the bank residues exist on a surface of each first
clectrode.

6. The organic EL panel of claim 1, further comprising;:

a hole-injection layer,

60  wherein the hole-injection layer 1s disposed between the

first electrodes and the organic light-emitting layers, and
the hole-injection layer covers the bank residues.
7. The organic EL panel of claim 1, further comprising:
a butler layer,
65  wherein the bulfer layer 1s disposed between the first elec-

trodes and the organic light-emitting layers, and
the butler layer covers the bank residues.



US 9,159,771 B2

19
8. The organic EL panel of claim 1,

wherein the organic light-emitting layers include adjacent
first, second and third organic light-emitting layers, and
groups of the first, second and third organic light-emit-
ting layers are repeatedly disposed 1n the second direc-
tion above the first electrodes, the first, second and third
organic light-emitting layers being different from one
another in luminescent color, and

the diameter of a bank residue, existing below one of the
first, second and third organic light-emitting layers, that
has a highest electron mobaility has a smallest diameter.

9. The organic EL panel of claim 8,

wherein the one organic light-emitting layer that has the
highest electron mobility has a blue luminescent color.

10. A manufacturing method of an organic EL panel, the

method comprising:

preparing a substrate;

forming a plurality of first electrodes above the substrate
along a first direction and a second direction, the first
direction and the second direction intersecting each
other;

forming banks above the first electrodes;
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forming organic light-emitting layers each disposed above
one of the first electrodes and including organic light-
emitting material; and

forming a second electrode that 1s configured to follow a
cavity between banks, and 1s disposed over the organic
light-emitting layers and over the banks, the second
clectrode being different from the first electrode 1n
polarity, and

the manufacturing method further comprises the step of
treating bank residues, after forming the banks and
betfore forming the organic light-emitting layers, by 1rra-
diating bank residues existing above the first electrodes
with ultra violet to reduce a diameter of each bank resi-
due 1n one direction to not greater than 0.2 um.

11. The manufacturing method of claim 10,

wherein 1n the treatment of the bank residues, an area
occupied by each bank residue in plan view of a surface
of the substrate is reduced to not greater than 0.4 um~.

12. The manufacturing method of claim 11,

wherein in the treatment of the bank residues, an area
occupied by each bank residue 1n plan view of the sur-

face of the substrate 1s reduced to not greater than 0.04
2

wm-=.
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